A strain of yeast showing no respiratoxy activity and no absorption bands corresponding to cytochrome components on spectroscopic examination was isolated by Caroline Raut (1953) H3BO3, 500 Atg; 40 pg; KI, 100 ug; 200 ,ug; MnSO4 H20, 400 ug; Na2MoO4-2H20, 200 ;&g; 400 , ug;  biotin, 2 gg; Ca panthothenate, 400 Mg; folic acid, 2 jug; inositol, 2,000 Mg; niacin, 400 Ag; p-aminobenzoic acid, 200 Mg; pyridoxine hydrochloride, 400 Mg; riboflavin, 200 ug; thiamin hydrochloride, 400 Mg; L-histidine monohydrochloride H20, 10 mg; DImethionine, 20 mg; DL-tryptophan, 20 mg; KH2PO4, 1.0 g; MgSO4.7H20, 0.5 g; NaCl, 0.1 g; CaCl2-2H20, 0.1 g; and (NH4)2S04, 5.0 g. (Ephrussi and Slonimski, 1950) refers to the diffuse thermolabile band, at approximately 550 to 560 mMA, present in anaerobically grown yeast.
The presence of pyridine hemochromogen was demonstrated by the appearance of an absorption band at 555 my after addition of alkali, hydrosulfite, and pyridine to yeast suspensions which had been heated previously to destroy the thermolabile cytochrome components (Ephrussi and Slonimski, 1950 In order to define the conditions needed for the production of cytochrome and catalase, the nutritional requirements of the mutant were investigated. It was found that the mutant would grow on a medium containing biotin, thiamin, pyridoxine, histidine, tryptophan, and either lysine, methionine, or valine. Growth on such a medium, here referred to as minimal medium, is rather poor. The celLs grown with or without shaking were totally deficient in cytochromes and in substances forming pyridine hemochromogen. They showed only very slight catalase activity, and no oxygen uptake with glucose as substrate. The same results were obtained using Wickerham's medium which is essentially the same as minimal medium.
The above observations suggested that the mutant might be deficient in its ability to synthesize protoporphyrin. Addition of 5 pg per ml of protoporphyrin to standing cultures in complete medium resulted in the production of cells which had strong catalase activity and which showed the absorption bands of cytochrome c and b1.
Since protoporphyrin has an absorption band which is close to that of cytochrome c, more conclusive proof of the presence of cytochrome c was desirable. Therefore, the mutant was grown in 6 L Erlenmeyer flasks with and without addition of 2 ug per ml of protoporphyrin in 4 liters of complete medium for 5 days, and extracted for cytochrome c. The absorption spectrum of the reduced and oxidized extracts was examined using the Beckman spectrophotometer. Up to 2.7 mg of cytochrome c per 100 g wet weight of yeast was found in cultures grown in the presence of protoporphyrin. Extracts of controls grown without protoporphyrin contained no cytochrome c.
Addition of protoporphyrin to Wickerham's medium also resulted in the production of cytochrome c and catalase. The absorption band of cytochrome c was more distinct in shaken cultures. The absence of cytochromes a and b suggested a similarity to the "petite colonie" strains described by Ephrussi, Hottinguer, and Tavlitzki (1949) and Slonimski and Ephrussi (1949) . Studies by these authors have led them to conclude that the petite strains lack an autoreproducible cytoplasmic factor which is needed for the formation of cytochromes a and b on the basis, in part, of the following observations. Fusion of petite and normal cells of opposite mating type produces zygotes with a normal cytochrome system. Sporulation of such zygotes gives spores, all of which have the normal cytochrome system. Fusion of two petites produces zygotes with the petite phenotype. Further genetic analysis of such zygotes is not possible unfortunately as they do not sporulate, presumably because of the respiratory deficiency.
To determine whether strain 1914 is deficient in cytoplasmic factor, several crosses were made between it and petite strains. The zygotes were grown in complete medium and proved to be of the petite phenotype, with a strong cytochrome c band, strong catalase activity, and no cytochromes a and b. These results indicate that strain 1914 is indeed deficient in the cytoplasmic factor postulated by Ephrussi and his co-workers and thus explain the absence of respiration and of cytochromes a and b in this strain.
The deficiency repaired by addition of glycine and protoporphyrin shows a normal Mendelian segregation. Eleven four-spore asci obtained by crossing strain 1914 to normal strains were dissected. The progeny of these crosses was examined for the cytochrome deficiency as well as for the segregation of the following markers: mating type, fermentation of sucrose and galactose, and growth requirements for histidine and tryptophan. For examination of the cytochrome spectrum the segregants were grown on a shaker in complete medium for 24 to 48 hours. Catalase activity was qualitatively determined by suspending standard amounts of yeast into 3 per cent H202 and observing the evolution of oxygen.
It was found that the cytochrome and catalase deficiency segregated in all eleven asci in the ratio of two deficients to two normals. The deficients showed only slight catalase activity, a reduced rate of growth, and only a weak or no cytochrome c band. The growth of all cytochrome deficients in Wickerham's medium was stimulated by 0.01 M glycine. The normal progeny was either unaffected by glycine or showed varying degrees of inhibition, except for one strain which was slightly stimulated. The (Shemin and Rittenberg, 1945) . Therefore, the catalase and cytochrome deficiency is due most probably to lack of substrate for porphyrin synthesis. An examination of figures 2 and 3 shows that more glycine is required for the production of catalase (and presumably protoporphyrin) than for growth stimulation. It appears that the small amount of glycine synthesized by the mutant is used preferentially for purposes other than protoporphyrin synthesis, and that protoporphyrin is produced only when an excess of glycine is available. Which step in glycine synthesis is deficient cannot be determined from the available data. However, it is suggestive that serine shows no glycine-like activity. Serine and glycine are known to be interconvertible in other systems (Rittenberg, 1948 (Ephrussi, Hottinguer, and Tavlitzki, 1949) that is needed for the production of cytochromes a and b adaptively in the presence of oxygen (Slonimski, 1950 (Slonimski, 1950 
SUMMARY
The cytochrome deficient mutant of Saccharomyces cerevisiae isolated by Raut was found to be deficient in catalase, cytochrome c, and hematin when grown in minimal media, Addition of either protoporphyrin IX or glycine resulted in formation of catalase, cytochrome c, and hematin. The quantitative response of growth and catalase production on addition of glycine indicates that the mutant is primarily a slow glycine synthesizer, and that the deficiency of catalase and cytochrome is a secondary result of an insufficiency of glycine which is known to be a precursor of protoporphyrin. Genetic results indicate that the deficiency is due to a single gene. Absence of cytochromes a and b under any conditions so far tested is due to the fact that the mutant is deficient for a cytoplasmic factor required for the synthesis of these components.
